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1.  SUMMARY 

A  review  of  the  known  allcyl  derivatives  of  pentaborane-9  is  presented. 

A  stainless  steel  autoclave  has  been  used  to  study  the  reaction  of 
ethylene  with  pentaborane  in  the  presence  of  aliimini\am  chloride  catalyst. 
Attention  has  been  given  to  the  effect  of  temperature,  catalyst  ratio  and 
ethylene  pressure. 

The  separation  of  ethyl  pentaboraiie  from  pentaborane  has  been  achieved 
by  fractional  distillation  under  a  small  positive  pressure  of  nitrogen. 

Relative  rates  of  hydrolysis  of  decaborane,  ethyl  decaborane  and  ethyl 
pentaborane  have  been  measured  in  a  dioxane/hydrochloric  acid  medivun. 

The  preparation,  purification  and  properties  of  ethyl  pentaborane  are 
discussed  and  comparison  is  iiiade  with  ethyl  decaborane. 

2.  lOTRODUCTION 

An  earlier  report  (l)  mentioned  some  of  the  reasons  for  current 
interest  in  the  possibility  of  using  compoTmds  of  boron,  carbon  and 
hydrogen  aa  high  energy  fuels  in  aircraft  engines.  Alkyl  derivatives 
of  pentaborane  and  decaborane  have  attracted  particular  attention  in  this 
respect  and  it  has  been  shown  that  these  compounds  may  be  prepared  by 
Rriedsl  Crafts  reactions  between  the  borane  and  a  suitable  alkylating  agent 
in  the  presence  of  alxominium  chloride  as  catalyst. 

Under  the  conditions  of  the  Friedel  Crafts  reaction  decaborane  \mder- 
went  polysubstitution  and  derivatives  conteiining  up  to  four  alkyl  groups 
were  isolated  and  characterised.  Similar  reaction  products  have  been 
obtained  in  the  U.S.A.  (2,  5^.  Thus  Hef-3,  a  boron  fuel  commercially 

available  in  the  U.S.A. ,  consists  of  decabo..-ane  (6.8  per  cent),  monoethyl 
(69.4  per  cent),  diethyl  (22. 4  per  cent)  and  triethyl  decaborane  (1.4  per 
cent)  (4»  5).  HiCal-3,  another  boron  f\iel  from  a  commercial  source  in 
America,  prepared  by  simultaneous  ethylation  and  pyrolysis  of  diboraxie  and 
ethylene  (6), contains  mono  and  polyethylated  decaborane  as  well  as  the 
corresponding  derivatives  of  pentaborane  (7#  8). 

Introduction  of  alkyl  groups  into  boranes,  necessary  if  the  product  is 
to  possess  the  physical  properties  required  of  a  fuel,  adversely  ai*fects 
the  heat  of  combustion  of  the  material,  the  effect  increasing  with  number 
of  substituents  (9)»  It  was  of  interest  therefore,  to  observe  that 
Friedel  Grafts  ethylation  of  pentaborane-9  with  ethylene/aluminivun  chloride 
gave  t.nly  monoethyl  pentaborane  and  there  v\ras  no  evidence  of  polysubstitution 
(1,  10).  The  discovery  encouraged  further  reseairch  to  determine  optimum 
conditions  for  the  synthesis  of  ethyl  pentaborane  and  the  investigation 
forms  the  subject  of  this  report. 
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3.  uT,KYT.  •ni7.T?IvmVES  OF  PENTABORAHE--9 

The  knoTOi,  well-characterised  derivatives  of  pentaborane-9  are  listed 
in  Table  1  (p*5  )  •  Aluminium  chloride  oataJ.ysed  Friedel  Crafts  reactions 
have  generally  been  used  to  prepare  these  compoimds  although  several 
methyl  derivatives  were  obtained  by  simultaneous  pyrolysis  and  alkylation 
using  boron  trimethyl  (14)«  A  particularly  interesting  outcome  of  this 
work  was  the  isolation  of  two  isomeric  monomethyl  pentaboranes.  One  of 
the  isomers#  vapotir  pressure  35  mm.Hg/0*^C#  was  identical  with  the  apically 
substituted  product  obtained  by  'Priedel  Crafts  metl^lation  of  pentaborane 
(1,  10). 

'  Propyl  pentaborane  is  the  major  constituent  (70  -  85  per  cent)  of  an 
American  boron  fuel,  Hef-2  (6,  20).  The  material  also  contains  dipropyl 
pentaborane  (15  “  25  per  cent)  and  pentaborane  (3  **  5  per  cent). 

Gas  chromatographic  exaiiiination  of  HiCal— 3  demonstrated  the  piresenoe 
of  pnflll  quantities  of  polyethylated  pentaborane  corresponding  to  dietliyl 
(1.1  per  cent),  triethyl  (3.2  per  cent),  tetra-ethyl  (A. 9  per  cent)  and 
penta-ethyl  pentaborane  (0.7  per  cent)  (7)*  These  compoxmds  were  not 
sufficiently  well— characterised  for  inclusion  in  the  table. 

Formation  of  ethyl  pentaborane  by  reaction  of  pentaborane  with 
1, 2-dibromoethane  or  1, 2-dichloroethane  was  to  some  extent  imexpeoted  (U). 
Two  possible  mechanisms  were  suggested  to  explain  irtiy  these  reactions 
should  give  etlyl  pentaborane  instead  of  the  desired  dipentaboraiylethane. 
Reduction  by  pentaborane  is  involved  in  either  process; 

(B5H5  +  XCH2-CH2X  .ilp.l>*B5HgCH2CH2X  +  HX 

(B^HgCHgCHgX  +  +  HX  +  polymer 

(B3„  +  XCH  -CH.X  ..:^:2^^.ch,CH„X  +  HX  +  polymer 
(ii)  /  5  9  ^2  :>  2 

(cHjCH2X  +  B^H^  _i'?-?i3^B^HgCH2CH^  +  HX: 

where  X  =  Br  or  Cl# 

Blundell  (I6)  studied  the  Priedel  Crafts  allqrlation  of  pentaborane 
with  eth5"lene/al\axninium  chloride  in  a  heated  Nimonic  autoclave  and 
recorded  yields  of  20  to  35  per  cent  at  50°C  with  an  ethylene  pressure 
of  80  p.s.i. 

In  a  parallel  but  indspendent  investigation  by  the  present  authors 
efforts  were  made  to  obtain  high  yields  of  ethyl  pentaborane  accompanied 
By  little  or  no  side— product  formation  or  loss  of  boron.  Preliminary 
experiments,  performed  in  sealed  glass  vessels,  have  been  reported 
el^where  (l);  yields  of  the  order  of  AD  per  cent  were  obtained.  This 
WBS  followed  up  by  work  in  a  metal  vessel,  the  results  of  which  are  now 
reported. 


2^  CBAFTS  ETHYLkTION  OF  lEKTABORANE-9 

A  750  c.c.  stainless  steel  autoclave  was  used  to  study  the  Priedel 
Crafts  aHqrlation  of  pentaborane-9  with  ethylene  in  the  presence  of 
aluminium  chloride  as  catalyst.  Experiments  were  conducted  at  various 
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Analysis  of  a  inixttire  of  pentaborane/etlyl  pentaborane  (1:2)  of  knoim 
composition  shovred  that  it  was  necessary  to  correct  the  area  of  the  peeik 
due  to  ethyl  pentaborane  by  a  calibration  factor  of  1»10* 

Note  (i)  The  exact  volume  of  the  autoclave  was  determined  to  be  768*1  a*o. 
Assviming  ideal  g£is  behavioiir  it  was  possible  to  calculate  the  number  of 
moles  of  ethylene  (m)  in  the  autoclave  at  a  gauge  pressure,  P  p*s*i*g*i 
and  at  a  temperature  T°K: 

M  =  i  (9.3612  +  0.637P) 

By  taking  25°C  as  axnbient  temperature  the  number  of  moles  of  ethylene 
used  in  a  reaction  was  calculated  from  the  equation: 

M  =  0.03142  +  0.002137P 

Tihere  P  is  the  initial  pressure  in  p.s.i.g.  (the  contribution  of  pentaborane 
to  this  pressiire  has  been  ignored)  • 

Note  (ii)  During  early  experiments  under  high  ethylene  pressures, 
decreeises  of  pressure  of  5  to  30  p.s.i*  were  observed*  These  changes  have 
not  been  recorded  in  detsdl  because  it  was  impossible  to  read  the  pressure 
gauge  with  sufficient  accuracy.  It  was  important  to  use  a  small  gaxige  to 
reduce  dead  space  and  consequently  each  scale  division  covered  a  pressvire 
range  of  10  p.s.i* 

Note  (iii)  In  later  experiments  involving  smaller  quantities  of  ethylene, 
the  gae  was  meeisiared  volumetrically  before  and  edgier  each  reaction  (see 
Table  5)«  Ethylene  was  transferred  to  the  autoclave  by  cooling  with  liquid 
nitrogen  instead  of  with  solid-carbon-dioxide/acetone. 

4.3  Effect  of  Temperatxare 

The  experiments  listed  in  Table  2  are  selected  primarily  to  illustrate 
the  effect  of  temperature  on  the  etlylation  of  pentaborane*  Other 
variables  which  clearly  affect  the  yield  of  etiyl  pentaborane  are  pressure 
and  reaction  time*  The  reactions  fall  conveniently  into  two  groups  - 
the  low  yields  associated  with  high  pressinre  (experiments  1  to  4)  said  the 
higher  yields  obtained  at  low  pressures  (experiments  9  to  12)*  The 
effect  of  temperature  at  low  pressiires  of  ethylene  was  demonstrated  by  the 
increase  in  yield  which  accompanied  a  decrease  of  temperat\ire  (experiments 
9  to  12)’*  A  high  reaction  temperature  not  only  resulted  in  low  yields 
but  also  led  to  increased  boron  loss  compared  with  the  loss  acoompaiying 
a  room  temperature  reaction* 

4*4  Effect  of  Catalyst  Ratio  , 

Experiments  in  wjaioh  larger  catalyst: pentaborane  ratios  were  used  are 
summarised  in  Table  3*  Both  at  room  temperature  and  at  60°C  reaction 
proceeded  with  much  loss  of  boron-containing  material*  The  reason  for  this 
loss  was  not  determined  but  it  seems  likely  that  it  might  be  explained 
by  complex  formation  with  the  catalyst  or  by  condensation  under  its 
influence* 

An  attempt  to  re-cycle  the  catalyst  from  experiment  19  (Table  4) 
resulted  in  a  very  poor  conversion  of  pentaborane  (experiment  20)* 

/TABLii;  2 . 
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4«5  ^fect  of  Ethylene  Pressure 

A  steady  increase  in  yield,  of  ethyl  pentaborane  was  observed  in  a 
series  of  experiments  (Table  4)  in  which  the  initial  pressures  of  ethylene 
were  reduced  by  stages  from  100  to  5  p.s.i.g.  The  relatively  low  yield 
(2fA.8  per  cent)  obtained  in  experiment  l6  (21  hours)  indicated  that  a  long 
reaction  time 'was  necessary  when  the  ethylene;  pentaborane  ratio  approached 
unity. 

The  2-stage  reaction  involved  in  experiment  15  gave  a  high  yield  of 
ethyl  pentaborane  but  the  product  contained  an  undesirable  quantity  of 
impurity.  The  latter  gave  a  smaller  retention  volume  than  pentaborane 
on  the  gas  chromatogram  (cf.  Fig.  5)* 

4.6,  Consvimption  of  F<thylefte 

In  later  experiments  when  low  pressures  of  ethylene  were  used  it 
was  convenient  to  measure  ethylene  gas  volumetrically  before  end  after  each 
experiment  (Table  5,  p.lO).  It  is  interesting  to  note  the  relatively 
high  consximption  of  ethylene  associated  with  a  high  catalyst  ratio 
(experiment  22)  and  with  a  high  ethylene  pressure  (experiment  23).  The 
yield  of  73.6  per  cent  recorded  in  experiment  24  is  the  highest  obtained 
during  the  present  investigation. 

4.7  Fractional  Distillation  of  Fentaborane/Ettxyl  Pentaborane 

Bulked  reaction  products  (lO.O  g.)  containing  pentaborane  (28.7  per 
cent),  ethyl  pentaborane  (70.9  per  cent)  and  impurity  (0.4  per  cent)  were 
fractionally  distilled  in  the  apparatus  shown  in  Figure  4*  The  fraction¬ 
ating  coltimn  was  packed  with  stainless  steel  Dixon  gauzes  (^  x  ^  inch; 
loo  B.S.S.  mesh)  and  the  receiver  was  cooled  in  so lid-carbon-dioxide/ acetone. 
A  pmnn  positive  pressure  of  dry  nitrogen  (ca.  780  mm.Hg)  was  maintained  in 
the  system  thicughout  the  distillation. 

The  results  obtained  by  fractionating  the  mixtiire  are  presented  in 
Table  6  (p.  lo)together  with  gas  chromatographic  analyses  of  the  three 
fl*actions.  It  was  fovind  that  over  80  per  cent  of  the  ethyl  pentaborane 
could  be  obtained  free  from  pentaborane  and  impurity. 

Thermal  decomposition  occurred  to  a  very  slight  extent  during 
distillation  as  evidenced  by  the  formation  of  a  small  quantity  of  ethane 
and  the  deposition  of  a  brown  film  in  the  still. 

4.8  Hydrolysis 

Although  many  of  the  physical  properties  of  ethyl  pentaborane  have 
been  measured  (2l)  and  some  attention  has  been  given  to  its  thermal 
decomposition.  (22)  no  effort  has  been  made  to  examine  its  behavio\ir  on 
hydrolysis.  As  part  of  another  investigation  (23)  the  rates  of  hydrolysis 
of  decaborane,  ethyl  decaborajie  auid  ethyl  pentaborane  were  meaeiared  by 
treating  known  amounts  of  the  boranes  (ca.  0.1  g.)  with  dioxane  (25  0.0.)/ 
normal  hydrochloric  acid  (5  c.o.)  at  30°C. 


/table  5 
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Figure  5  illustrates  the  relative  rates  of  decomposition  calculated 
from  the  rates  of  evolution  of  hydrogen,  a_ssumed  to  be  liberated  according 
to  the  following  equations: 

®lo\.  +  30  H2O  — -  22  Hg  +  10  H^BO^ 

B5HQC2H5  +  14  HgO  •  11  H2  +  4  H^BO^  +  C2H^(0H)  ^ 

The  comparative  instability  of  ethyl  pentaborane  was  clearly 
demonstrated;  hiy<irolysis  was  97  per  cent  complete  in  60  minutes. 


5.  DISCUSSION 
5.1  Preparation 

The  following  generalisations  emerge  from  a  study  of  the  results  in 
Tables  2  to  5» 

(i)  High  temperatures  do  not  favour  ethylation  of  pentaborsoie. 

(ii)  Increasing  the  amount  of  catalyst  causes  high  boron  losses. 

(iii)  High  ethylene  pressiores  give  low  yields  of  ethyl  pentaborane  at 
room  temperature  and  at  6o°C. 

A 

In  view  of  the  well-known  reversibility  of  Priedel  Crafts  reactions 
it  seems  likely  that  high  reaction  temperatures  may  cause  de-alkylation 
of  ethyl  pentaborane.  High  boron  losses  in  the  presence  of  increased 
amounts  of  catalyst  may  well  be  due  to  self— condensation  of  boron— containing 
compoxmds  or  to  complex  formation  between  these  compoimds  and  aluminium 
chloride.  The  adverse  effect  of  high  pressure  may  be  due  to  increased 
interaction  between  ethylene  and  aluminium  chloride. 

The  optimum  conditions  for  ethyl  pentaborane  formation  involve  low 
pressures  of  ethylehe,  a  small  ratio  of  catalyst  to  pentaborane  and 
reaction  at  ajubient  temperature.  Under  such  conditions,  and  in  a  vessel 
vAhch  cannot  be  agitated  or  s  tirred,  a  long  reaction  time  is  required. 

It  is  known  that  allqyl  halides  react  rapidly  with  pentaborane  in 
the  presence  of  aluminium  chloride  and  the  reactions  proceed  rapidly 
at  or  below  room  temperature.  Clearly,  such  reaction  conditions  should 
favour  high  yields  of  e  thyl  pentaborane  although  it  has  been  shown 
during  the  present  investigation  that  side— reactions  may  occur  involving 
reduction  of  the  allqyl  halide  to  the  corresponding  hydrocarbon. 

5,2  Purification 

Separation  of  pentaborane/ etl^yl  pentaborane  mixtures  by  methods  based 
on  low-temperature  distillation  is  known  to  be  tedious  (l).  Preparative- 
scale  gas  chromatography  is  readily  applicable  to  small  quantities  of 
such  mixtxires  and  has  proved  valuable  in  providing  samples  of  et^l 
pentaborane  for  elemental  analysis  (5)»  The  present  investigation  shows 
that  large  scale  purification  may  be  successfully  achieved  by  fractional 
distillation  at  atmospheric  pressure,  wt'areby  inpirity  aad.  pentaborane 
are  removed.  The  residue  wMch  consists  of  pure  ethyl  pentaboirano, 

/111 . 


-  11  - 

CONPIDHNTIAl/ni  SCREET 


COKFIOENriAL/DI  SCREET 


in.  amount  corresponding  to  more  than  80  per  cent  of  the  quantity  originally 
present  iu  the  mixture,  may  be  readily  transferred  by  subsequent  vacuum 
distillation* 

5.3  Comparison  of  Ethyl  Fentaborane  and  Ethyl  Decaborane 

The  choice  of  a  particular  organoborane  as  a  possible  high  energy 
fuel  depends  not  only  upon  its  heat  of  combustion  but  also  upon  its  ease 
of  manufacture  and  purification  and  its  physical  and  chemical  pi*operties» 

Tt;o  important  points  established  by  the  present  work  are  that  penta- 
bcrar.6  may  be  converted  to  eti^rl  pentaborane  in  good  yield,  and  that 
ethv'lation  does  not  proceed  beyond  mono-substitution.  On  the  other  hand, 
etliyl  decaborane  readily  undergoes  f-irther  reaction  to  yield  undesirable 
polyallgr dated  substances  of  low  heating  value. 

Purification  of  ethyl  pentaborane  is  relatively  easy,  too,  compared 
with  the  distillation  of  ethyl  decaborane  (b.p.  217°C).  Mixtures 
containing  ethylated  derivatives  of  decaborane  can  be  distilled  under  high 
vacuum  but  complete  separation  of  components  is  not  possible  (!)• 

However,  consideration  of  the  calculated  heats  of  combustion  of 
organoboranes  (Table  7)  (9)  shows  that,  despite  the  advantage  ex^bited  by 
pentaborane  itself,  ethyl  and  pippyl  derivatives  have  lower  heating  values 
than  the  corresponding  oompo\ands  of  decaborane. 


TABLE  7 


Heats  of  Combustion  of  Organoboranes 


Heat  of  Combustion 
(to  crystalline  E.t*u./lb» 


Borane 


Unsubstituted  :  Methyl  Ethyl  Propyl 


Pentaborane  29,AOO  1  27,200  2p, 


27,200  25,900  25,000  I 


/table  8 


-  12 


CONPIDElvTlAl/l^ISCRSEr 


CONMDaNTIAl/DISCREET 


TiiBLE  8 


Conparison  of  Ethyl  Pentaborane»  Methyl  and  Et)iyl  Deoaborane 


i 

Property 

Ethyl 

Pentaborane 

Methyl 

1  Decaborane 

1  Ethyl  1 

Decaborane 

.  .   ...  1 

i 

1 

i  ’Vapour  pressure, 

1  mm.  Hg. 

29/19. 5°C  (1) 

1 

i 

Ilsss  than  ]/25°C(l) 

1 

1 

Less  than  l/25°C(l) 

1  Boiling  point, 

! 

104 

i  223  (1) 

217  (1)  1 

Melting  point, 

°C 

-85  (1) 

-14  to  -12(1) 

! 

-25  (1)  1 

Density 

0*68  (21) 

0.80(Hef-4)(6) 

0.80-0*82(Hef-3)(6)  | 

1 

1 

j  ’Viscosity, 

1  centistokes 

0*6V20°C  (21)| 

9/25°0(Hef-4)(6)  1 

"  ! 

9/25°C  (Hef-3)  (6)  1 

♦ 

The  figures  in  parentheses  are  Bihliograph^’^  references 

Etl^yl  decahorane  is  more  stable  than  eti^jrl  pentaborane  -with  respect 
to  hydrolysis  (see  Section  if»8)  and  thermal  decomposition*  McDonald 
(20>  22,  24-26)  examined  the  behavio\ir  of  various  boranes  and  organo- 
boranes  on  heating  and,  although  the  experiments  were  not  always  strictly 
comparable,  the  following  order  of  thermal  stability  emerged; 
decaborane  >  etbyl  decaborane  >  pentaborane  >  ethyl  and  pjropyl  pentaboi*ane» 

In  general  it  has  been  found  that  decaborane  and  its  derivatives  are 
more  easily  handled  than  pentaborane  and  alkyl  pentaboranes*  Pentaborane 
is  spontaneously  inflammable  in  air,  as  also  are  mixtures  of  pentaborane 
and  ethyl  pentaboi*ane.  By  contrast  decaborane  and  its  derivatives  do  not 
appear  to  be  affected  by  dry  air  and  are  attacked  only  slowly  by 
atmospheric  moisture* 

Although  ethyl  pentaborane  is  more  easily  prepared  and  purified  than 
ethyl  decaborane,  the  latter  is  more  attractive  as  a  hi^  energy  fuel 
because  of  lower  vapour  pressvire,  higher  heat  of  combustion,  density, 
thernxal  and  hydrolytic  stability  and  the  greater  ease  of  handling  of 
decaborane  and  its  derivatives*  These  considerations  are  evidently 
well-known  in  the  U.S.A.,  where  boron  fuels  based  on  decaborane 
(HiCal-3,  Hef-3  and  Hef-4)  are  preferred  to  those  derived  from  pentaborane 
(Hef-2)  (6,27). 

6*  CONCUJSIONS 

6.1  Ethyl  pentaborane  may  be  obtained  in  74  per  cent  yield  by  the 
Priedel  Crafts  ethylation’  of  pentaborane-9  with  ethylene  in  the 
presence  of  aluminivim  chiloride* 

6*2  High  yields  of  ethyl  pentaborane  are  favo\’red  by  low  ethylene 
pressure,  a  catalyst;  pentaborane  ratio  of  1;3  ''■nd  reaction  at 
ambient  temperature*  Under  these  conditions,  in  an  xuistirred 

/autoclave  *..*• 
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autoclave,  a  long  reaction  time  is  necessary. 

6.3  Over  80  per  cent  of  the  ethyl  pentaborane  in  a  typical  reaction  product 
can  be  separated  from  pentaborane  and  ijnpurity  by  fractional  distillation 
xander  a  small  positive  pressure  of  nitrogen. 

6.4  After  1  hour  in  a  dioxane/ hydrochloric  acid  medium  at  30°C!  the  relative 

extents  of  decomposition  of  ethyl  decaborane,  decaborane  and  ethyl 
pentaborane  are  6.7»  9»7  97*0  per  cent* 

6.5  Consideration  of  the  usefulness  of  ethyl  pentaborane  and e thyl  decaborane 
as  possible  high  energy  fuels  suggests  that  tne  fonder  has  certain 
advantages  with  regard  to  preparation  and  purification  but  the  latter  is 

to  be  preferred  because  of  lower  vapour  pressure,  higher  heat  of  combxistion, 
density,  thermal  and  l^drolytic  stability  and,  in  general,  because  of  the 
greater  ease  with  which  decaborane  and  its  derivatives  can  be  handled. 
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E.R.D.E.  Report  The  Priedel  Crafts  Reaction  of  Ethylene  with 
No.  28/1^59  Pentaborane-9 

I.  Dunstan  and  J.V.  Griffiths  Jan.,  i960 

The  known  allqrl  derivatives  of  pentaborane-9  are  reviewed. 

Optiniuin  conditions  for  the  preparation  of  ethyl  pentaborane  were 
detenained  by  studying  the  Priedel  Crafts  reaction  of  pentaborane  with 
ethylene/aluminiim  chloride.  High  yields  were  favotired  by  low 
ethylene  p^ess^are,  a  small  ratio  of  catalyst  to  pentaborane,  and  reaction 
at  ambient  temperature. 

Over  80  per  cent  of  the  ethyl  pentaborane  in  a  typicaJ.  reaction 
product  was  recovered  in  a  pure  state  by  fractional  distillation  under 
a  small  positive  nitrogen  pressiore. 

Rates  of  l^dro lysis  of  ethyl  decaborane,  decaborane  and  ethyl 
pentaboreine  were  measured  in  a  dioxane/hydrochloric  acid  medium; 
decomposition  percentages  after  1  hour  at  30°C  were  6.7>  9*7  and  97*0 
respectively. 

The  preparation,  purification  and  properties  of  ethyl  pentaborane 
and  ethyl  decaborane  are  compared  and  discussed. 
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E.R.D.E.  Report  The  Priedel  Crafts  Reaction  of  Ethylene  with 
No.  28/1^59  Pentaborane-9 

I.  Dunstan  and  J.V.  Griffiths  Jan.,  i960 

The  known  allgrl  derivatives  of  pentaborane-9  are  reviewed. 

Optimum  conditions  for  the  preparation  of  ethyl  pentaborane  were 
determined  by  studying  the  Priedel  Crafts  reaction  of  pentaborane  with 
ethylene/aluminium  chloride.  High  yields  were  favoured  by  low 
eth^rlene  pressure,  a  small  ratio  of  catalyst  to  pentaborane,  and 
reaction  a.t  ambient  terjpera.ture . 

Over  80  per  cent  of  the  ethyl  pentaborane  in  a  typical  reaction 
product  was  recovered  in  a  pure  state  by  fractional  distillation 
\ander  a  sriiall  positive  nitrogen  pressure. 

Rates  of  hydrolysis  of  ethyl  decaborane,  decaborane  and  ethyl 
pentaborane  were  measured  in  a  dioxane/hydrochloric  acid  medi\jm; 
decomposition  percentages  aifter  1  hour  at  30°C  were  6.7#  9*7  and  97»0 
respectively. 

The  preparation,  purification  and  properties  of  ethyl  pentaborane 
and  ethyl  decaborane  are  compared  and  discvissed. 
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I  E.R.D.E.  Report  The  Friedel  Crafts  Reaction  of  Ethylene  with 
No •  28 /R /59  Pentaborane-9 

I.  Dunstan  and  J.v,  Griffiths  January,  19& 

The  known  alkyl  derivatives  of  pentaborane-9  are  reviewed, 

Optlraun  Conditions  for  the  preparation  of  ethyl  pentaborane  were 
determined  by  studying  the  Friedel  Crafts  reaction  of  pentaborane  with  « 

ethylene/alumlnlum  chloride.  High  yields  were  favoured  by  lov/  ethylene 
pressure,  a  snail  ratio  of  catalyst  to  pentaborane,  and  reaction  at 
ambient  temperature. 

Over  30  per  cent  of  the  ethyl  pentaborane  in  a  typical  reaction  product 
was  recovered  In  a  pure  state  by  fractional  distillation  under  a  small 
positive  nitrogen  pressure,  * 

Rates  of  hydrolysis  of  ethyl  decaborane,  decaborane  and  ethyl  pentaborane  ' 
were  roasured  in  a  dloxane /hydrochloric  acid  medium;  decomposition 
percentages  after  1  hour  at  30^0  v;ere  6,7,  9,7  and  ^,0  respectively. 

The  preparation,  purification  and  properties  of  ethyl  pentaborane  and 
ethyl  decaborane  are  compared  and  discussed, 
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S,R,D,E,  Report  The  Friedel  Crafts  Reaction  of  Ethylene  with 
No,  28/R/59  Pentaborane-9 

I,  Dunstan  and  J,v,  Griffiths  January,  I960 

The  knov\n  alkyl  derivatives  of  pentaborane^  are  reviewed. 

Optimum  conditions  for  the  preparation  of  ethyl  pentaborane  were 
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